AGTATCGTCGWG-3′). PCR amplification chemistry containing 1.5 μL of genomic DNA, 2.5 μL of 10×PCR buffer (contained MgCl 2 ), 1.0 μL of 2.0 mM dNTPs and each primer, 0.3 μL of nTaq DNA polymerase (Enzynomics, Seoul, Korea) and add up to 25.0 μL with distilled water, and the following conditions: initial denaturation of 2 min at 95� C, 30 cycles of 95� C 30 sec; 52� C 1 min; and 72� C 1 min and a final elongation of 7 min at 72� C. DNA fragments were sequenced on an ABI 3730XL sequencer (Applied Biosystems Inc., Forster City, CA, USA) using the ABI Prism Bigdye Terminator v3.1 (Applied Biosystems Inc.).
Molecular data analysis
The mitochondrial COI gene was mostly sequenced for this study, but the sequences data of four species which are not distributed in Korea obtained from GenBank (Table 2) . COI sequences were checked and aligned using by BioEdit v.7.0 (Hall, 1999) and genetic distances were calculated according to the Kimura 2-parameter model (Kimura, 1980) using by MEGA5 (Tamura et al., 2011) . The phylogenetic relationship of the samples was drawn by using the neighborjoining (NJ), maximum-likelihood (ML) and Bayesian inference (BI). The NJ tree (Saitou and Nei, 1987) was inferred from Kimura 2-parameter genetic distance with bootstrapped 1,000 times using by MEGA5, and the ML analysis with the GTR+ +G model, determined with jModeltest 0.1.1 (Guindon and Gascuel, 2003; Posada, 2008) , with 1,000 bootstrap replications using by PhyML v3.0 (Guindon and Gascuel, 2003) also BI analysis with same model and analyzed by MrBayes 3.1 with 1×10 6 generation repeats with the nucleotide model 4by4, Nst= =6, rates= =gamma, Ngammacat= =6, and Burnin= =2.5×10
5 (Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003; Ronquist et al., 2005) . Bidenkap, 1899: 112; Jensen, 1974: 119; Vader et al., 1986: 10; Southward and Campbell, 2006: 144; Kroh and Mooi, 2011: 124324. Description. Test form vertically very variable (Table 3) ; flattened ( Fig. 1G ), low-hemispherical (Fig. 1F, H ) and hemispherical forms (Fig. 1I) . Outline of test roundly pentagonal forms (Fig. 1D) . Margin of oral side slightly sunken towards peristome. Test of largest specimen 59 mm in diameter. Six ambulacral pore-pairs presented in an erected arc (Fig. 1K-M) . Madreporite has convexed form, larger than genital plates (Fig. 1J) . Ocular plates composed five plates, three plates has pentagonal form, stuck between genital plates, like wedges, the other two plates have hexagonal form, situated between genital plates, bordering surnal parts. Surnal parts consist of numerous small plates, with anus situated beside center, surrounded with small blunt spines (Fig. 1J) . Globiferous pedicellaria has single slender apical tooth, without lateral tooth (Fig. 1O ). Tridentate pedicellaria has two different sizes, large and small form; large ones about five times larger than small one (Fig. 1P, Q) . Ophiocephalous pedicellaria with fountain pore-pattern valves (Fig. 1R ).
RESULTS

Systematic notes
Triphyllous pedicellaria apple-like shaped, with upraised radial pore-pattern (Fig. 1S) . Spicule of tube-foot usually elongated arch form, rarely twisted form, which has trifurcated end, of which inside node slender, tapered to tip (Fig.  1T) . Distribution. Korea (Gangwon-do), Japan (Siaukhu Bay), Bering Sea, Okhotsk Sea, North Pacific (Kuril island, Sakahlin), Northwest Atlantic (Norway, U.K.). (GenBank) ranged from 0.002 to 0.005 (Table 4) . Pairwise (p) distance average of the Strongylocentrotus group is 0.062 and excepted S. nudus of Strongylocentrotus group is 0.041.
Molecular analysis
DNA sequence features.
Average of between S. pallidus and Allocentrotus is 0.045, which was lower than average of the Strongylocentrotus group, and between S. pallidus and S. droebachiensis dis- 
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A. fragilis (HM473956) Fig. 3 . Bayesian inference (BI) tree generated from the COI mtDNA dataset. S., Strongylocentrotus; A., Allocentrotus; H., Heliocidaris ; COI, cytochrome oxidase subunit I; mtDNA, mitochondrial DNA.
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DISCUSSION
Two species of Strongylocentrotus (S. intermedius and S. nudus) were previously reported (Shin, 2011) . In this study, S. pallidus is newly reported, which has distinct characteristics compared with two species: external figure, pedicellariae and number of pore-pairs in an arc. Strongylocentrotus pallidus has various range of test height; the range of height/diameter of Korean specimens is 38.2-50.0% and range of peristome/diameter is 31.6-35.7% (Table 3) . However, Mortensen (1943) described the range of peristome/diameter as 31.6-45.0%. Thus, we divided the three groups based on the test height: Group-1 (flattened form)= =S. pallidus (A), Group-2 (low-hemispherical form)= =S. pallidus (B)-(D) and Group-3 (hemispherical form)= =S. pallidus (E). Korean specimens of S. pallidus revealed as identical with S. pallidus of GenBank. According to the results of phylogenetic analysis and genetic distance (Figs. 2, 3 , Table 4 ). In the phylogenetic tree, S. pallidus group divided by two clades (Figs. 2, 3) ; S. pallidus (A), (E) and S. pallidus (B)-(D). But, that is not a significant cladogram, because the intraspecific p-distance average value is only 0.003 and is much lower than other interspecific p-distances (Table 4) .
Strongylocentrotus pallidus is very similar with S. droebachiensis and can only be discriminated by rather impalpable differences (Vasseur, 1951; Swan, 1962; Jensen, 1974; Vader et al., 1986) . For that reason, it has been included in S. droebachiensis (Mortensen, 1943) . In these phylogenetic results, S. pallidus and S. droebachiensis showed rather close relationships (Table 4) ; p-distance value is only 0.039, which is lower than average of Strongylocentrotus (0.062) and in phylogenetic tree, S. pallidus were branched off close to S. droebachiensis. Thus, echinoid specimens are unrecorded species examined in Korea by determining on the basis of the morphological and molecular evidences. Recently, they were divided from each other on the basis of morphological characters within populations and between geographical districts, genetic differences and capacity for hybridization (Vasseur, 1951; Jensen, 1974; Vader et al., 1986; Biermann et al., 2003) . Mortensen (1943) reported that Allocentrotus fragilis is very unlike any of the true species of Strongylocentrotus. However, previous studies (Strathmann, 1979; Biermann et al., 2003) and our phylogenetic results (Figs. 2, 3) show rather close relationships between A. fragilis and the species of Strongylocentrotus. The taxonomical position of A. fragilis needs to be consider in a further study.
